Searching PAJ 



1/2 V 



PATENT ABSTRACTS OF JAPAN 

(1 DPublication number : 06-295797 
(43)Date of publication of application : 21.10.1994 



(51)Int.CI. 



H05H 1/46 



(21) Application number ; 06-021375 

(22) Date of filing : 1 8.02.1 994 



(71) Applicant : TEXAS INSTR INC <TI> 

(72) Inventor : PARANJPE AJIT P 

STEVE S FANG 



(30)Priority 

Priority number : 93 19941 Priority date : 19.02.1993 Priority country : US 



(54) PLASMA GENERATOR AND GENERATING METHOD 
(57)Abstract: 

PURPOSE; To provide an apparatus and a method for 
generating a plasma without requiring expensive tuning 
and cooling mechanism. 

CONSTITUTION: While comprising a first waveguide 32 
coupled with a section of a coaxial waveguide 30 and 
regulating a cavity 28 at intersection of the waveguides, 
a surfatron 12 is installed. The coaxial waveguide 30 
comprises an outside cylinder and an inner side cylinder 
34 arranged in the outside cylinder 36. The inner side 
cylinder 34 has an end arranged adjacently to a wall of a 
first section of the waveguide 32. A space 40 is 
regulated between the end of the inner side cylinder 34 
and the wall of the waveguide 32. A discharge tube 22 
comprises a first part arranged in the inner side cylinder 
34 and a second part extended through the space 40 
between the end of the inner side cylinder 34 and the 
wall of the waveguide 32 and is installed. A coil 39 is 
positioned in the surrounding of a part of the discharge 
tube 22 extended through the space 40 between the end 
of the inner side cylinder 34 and the wall of the waveguide 32. 
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3.1n the drawings, any words are not translated. 

CLAIMS 



[Claim(s)] 

[Claim 1] They are the 1st waveguide and the coaxial waveguide which is combined with this 1st 
waveguide and specifies a cavity on an intersection with the 1 st waveguide concerned. Including 
the inside cylinder arranged in an outside cylinder and this outside cylinder, space is specified 
between [ some ] a part of this inside cylinder and said outside cylinder, and it has the edge 
which approached the wall of said 1st waveguide and has been arranged. The coaxial waveguide 
with which space was specified between said edges and said walls, said — the inside — a 
cylinder — inside — arranging — having had — part I — a part — and — said — the inside — 
a cylinder — said — an edge — and — said — a wall — between — said — space — a passage 
— extending — part II — a part — having — the discharge tube — said — an edge — and — 
said — a wall — between — said — space — a passage — extending — said — the discharge 
tube — said — a part — a perimeter — arranging — having had — a coil — containing — the 
plasma — a generator . 

[Claim 2] A microwave cavity is formed on the intersection of the area of a rectangle waveguide, 
and the area of a coaxial waveguide. Arrange a conductor and a capacity^opening is formed with 
the wall of said rectangle waveguide, the inside of said cavity — the inside of said coaxial 
waveguide — So that winding and electric field may be created in said capacity-opening in a coil 
around [ a part of / said ] said discharge tube which some discharge tubes which convey 
preselected gas are made to extend through said capacity-opening, and extends through said 
capacity-opening How to generate the plasma it was made to contain each step by which the 
gas conveyed in said tubing which the electromagnetic wave was discharged in said cavity, and 
the current was guided in said coil, and approached said coil is ionized. 



[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 

[0001] Generally, technical field this invention of invention relates to generating of the plasma, 
especially relates to the generator and the generating approach of the plasma. 
[0002] The microwave plasma of background remoteness of invention is daily used in the semi- 
conductor processing for generating of the radical species (radical species) to etching and 
vacuum evaporationo. A remote microwave generation source generates strong electric field 
within a cavity, and forms the plasma, and this plasma is diffused in the processing interior of a 
room as afterglow plasma from it. Although an easy configuration is used, as for well-known 
cavity equipment, they have some faults. Since it is the dielectric with which the plasma is lossy 
in itself, the existence in the cavity corrects electric-^field distribution of the first stage which 
results in the substantial change in the impedance in a cavity. After generating the plasma and 
attaining suitable impedance matching and the optimal power association, the related tuning stub 
must often be adjusted. Furthermore, since the dissipation of power happens within the whole 
cavity and the discharge tube can do damage with a high temperature load in high power level, 
suitable cooling of the cavity is indispensable. Finally, transportation of the plasma on the outside 
of the cavity takes place independently by diffusion. In this way, the afterglow plasma in ** may 
become weaker completely. Surface wave discharge offers some profits about cavity self- 
sustaining discharge. Unlike the common cavity maintenance discharge, the plasma is generated 
within spare time for a short time, and this gap is a part of only whole small cavity so that a 
cavity may act more coldly [ near the spare time ] for a short time [ that ]. Dissipation only of 
the small part of the whole power is carried out within spare time for a short time, and the 
remainder is emitted. Unlike the cavity which was common by this, the impedance of a cavity is 
not sensitive to the condition of the plasma. Furthermore, the surface wave spread along with 
the discharge tube generates the long plasma column which offers the indoor and denser plasma. 
As compared with the common cavity which requires the stub tuner of 3 or 4, the impedance 
matching over surface wave discharge is attained by the movable short-circuit (shorts) in the 
waveguide area of the same axle and a rectangle. In this way, tuning is easy and becomes 
independent of the property of a cavity, therefore the condition of the plasma relatively. 
[0003] However, the common surface wave plasma generating machine has substantial 
disadvantageous profit again. A higher power surface wave is characterized by stronger electric 
field. Maximum-electric-power processing capacity is restricted by dielectric breakdown guided 
by electric field in a gap. If electric field are strong to remainder, an arc will make failure cause in 
a gap. Even if a metaphor arc does not happen, spare time gets hot to the degree of pole for a 
short time. If a gap excels in remainder, a surface wave must have been discharged in the 
discharge tube. It is difficult for a spark or an external trigger like a Tesia coil not to help to 

to make it it to a certain geometry and processing state, and to strike the plasma. Within 
a reactor, the both sides of these external triggers are the generation sources of electrical noise, 
and, therefore, are not desirable. Finally, it is required in order that the minimum plasma column 
die length may absorb microwave power completely. 

[0004] It was generated to an approach to have improved the need in this way for generating the 
microwave plasma, and equipment. Such equipment and an approach that have been improved 
should generate the plasma without the need of receiving large tuning and a cooler style. 
Furthermore, the equipment and the approach which have been improved should generate the 
plasma strong enough for the use in application like a semi-conductor manufacturing system. 
[0005] According to outline this invention of invention, the plasma generator is formed including 
the area of the coaxial waveguide which is combined with the 1st area of a waveguide, and the 
1st area of a waveguide, and specifies a cavity on the intersection of both areas. The coaxial 
waveguide contains the movable inside cylinder arranged in the outside cylinder concerned with 
the space specified between [ some ] some of outside cylinders, inside cylinders, and an outside 
cylinder. The end of an inside cylinder approaches the wall of the 1st waveguide, and is arranged, 
and, thereby, the space which can be acOusted is specified between said edge and said wall. The 
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discharge tube has a part for a part for part I arranged in an inside cylinder, and part II which 
extends through said space between the edge of an inside cylinder, and said wall, and is 
prepared. The coil is arranged between the edge of an inside cylinder, and said wall around [ a 
part of I the discharge tube which carries out through extension of said space. 
[0006] The plasma generator according to this invention mitigates substantial disadvantageous 
profit of the proper in the common plasma generator. The example of this invention permits 
generating of the plasma, without being accompanied by the need of receiving the device of 
extensive tuning and cooling. Furthermore, the example of this invention permits generating of 
the plasma strong enough to the use in application like a semi-conductor manufacturing system. 
[0007] Reference is made by the next description taken in connection with an accompanying 
drawing for a more perfect understanding of this invention and its advantage. 
[0008] 

[Example] The more desirable example of this invention reaches and the profits are best 
understood by referring to drawing 1 thru/or drawing 3 of a drawing. The same figure of various 
drawings is the same, and is used to a corresponding part. 

[0009] If drawing 1 is referred to first, the semi-conductor processing system 10 is expressed 
using surfer TRON (surfatron) (plasma generator) 12 improved according to the example of this 
invention. A processing system 10 includes the processing room 14 combined with ** 16 with 
bellows 18. Including surfer TRON 12, ** 16 operates in relation to a magnetron 20 or other 
suitable electromagnetic-like power generation sources so that this may be mentioned further 
later. The discharge tube 22 extends in the processing room 14 through surfer TRON 12. Gas is 
received, the plasma is generated in an end from this gas, and the discharge tube 22 hands over 
the plasma produced as a result In the processing room 14 through an opposite end. The VAT 
valve 24 and a rotodynamic pump 26 are used in order to remove the gas matter from the 
processing room 14. 

[0010] Drawing 2 shows one example of waveguide surfer TRON 12 which comes to use the 
concept of this invention and which was combined in resonance. The spare time cavity is formed 
of the crossover with the rectangle waveguide 32 of the coaxial waveguide 30 for a short time 
which is generally shown by the broken line in 28. the inside of a cylinder with the movable 
coaxial waveguide 30 — the outside of a conductor 34 and a cylinder — a conductor 36 is 
included, the inside of the coaxial waveguide 30 — a conductor 34 moves to shaft orientations - 
- having — the inside — the die length of the solenoid coil 38 placed into the gap 40 between 
the edge of a conductor 34 and the upper wall of the rectangle waveguide 32 is adjusted, two 
short turn coils with which the solenoid coil 38 was wound around the discharge tube 22 in the 
shown example — it is — the end — the inside — the edge of a conductor 34 adheres and the 
other end is combined with the upper wall 42 of a coaxial waveguide area. The discharge tube 22 
may be manufactured, for example from Pyrex glass (brand name of heat-resisting glass), a 
quartz, or a dielectric like sapphire so that it may be chosen compatible with the gas which flows 
through it. the inside same axle — the thin annular space 44 between a conductor 34 and the 
discharge tube 44 is offered for forced cooling of the unit through a port 46. Oil (grace which is 
compatible with microwave) cooling may also be used instead of air quenching. 
[001 1] The rectangle waveguide area 32 contains two arms 42a and 42b. In the example drawing 
2 was indicated to be, while waveguide Kabeuchi of arm 42a is equipped with the non-contact 
plunger 50, the 1 magnetron head 20 is used and it is equipped on arm 42b. In the configuration 
of drawing 2 , as two arms 42 make maximum-electric-power association into a gap adjust to a 
plunger 50, they may be fixed to a position. Drawing 3 shows the example alternative to two 
magnetron heads 20a and 20b being used. In this example, each arms 42a and 42b are inserted 
into each edge of the fixed waveguide area 49 so that [ adjustment ] it may be permitted 
possible [ a slide ] that they should make power association into an opening 40 min. In an 
alternative example, the waveguide arm and magnetron of an additional rectangle may be 
combined with the short opening cavity 28. 

[0012] The magnetron coaxial antenna 54 discharges TE10 mode wave in the rectangle 
waveguide 32. This generates a TEM-mode wave in the coaxial area 30 in order. By adjusting the 
coaxial plunger 56 in adjusting the waveguide plunger of the rectangle of drawing 2 (letting me 
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slide each arms 42a and 42b in the example of drawing 3 X and the coaxial area 30, the intense 
time amount which changes electric field crosses an opening 40, and is created. Preferably, while 
a non-contacted plunger makes the input impedance of the net of the coaxial area 30, an 
opening 40, and a waveguide 32 adjust the output impedance of an antenna 54, it secures the 
plunger 56 in a coaxial area, and that the short opening cavity 28 causes resonance. In the more 
desirable example, the short opening microwave cavity 28 is designed so that the electrostatic 
capacity of an opening 40 may become larger than the electrostatic capacity of the coaxial area 
30. The electromagnetic field which cross an opening 40 generate a current through a coil 38 
one by one. the inside — by making a conductor 34 slide, by adjusting spacing of an opening, the 
inductance of a coil 38 is made from the microwave frequency used as resonance association so 
that it may resonate with the electrostatic capacity of an opening 40. The intense time amount 
change electromagnetic field generated by an opening 40 and the coil 38 spread through the 
dielectric discharge tube 22, and this ionizes the gas which flows towards the processing room 
14. In an alternative example, since the impedance of the net of the short opening cavity 28 and 
a coil 38 is independent-like relatively [ operating state / plasma ], each plungers 50 and 56 may 
be replaced by welding short-circuit (welded shorts). 

[0013] The design computation for surfer TRON 12 which operates on a frequency with a net of 

2.5GHz according to the example of drawing 2 only for the instantiation purpose is shown 

(actuation frequency range which are 500MHz thru/or 10GHz). It is important to recognize that it 

can use depending on the useful generation source of a desired actuation frequency, a useful 

waveguide, and the electromagnetic-like [ an alternative huge example ] energy. The typical 

count for the rectangle waveguide 32 which operates in 2.45GHz is as follows. 

Actuation frequency = 2.45GHz [0014] When a rectangle waveguide assumes that it is WR340 

waveguide with a cross-section dimension (a1 =3.4x25.4mm and b1 =1.7x25.4mm), then, it is. 

C 

2 El 

[0015] According to the following formula, the dimension II from the edge of one of the arms 42 
to the center of the correspondence antenna 54, i.e., distance, may be then calculated. 
[Equation 1] 

here — setting — lambdao = — free space wave length (cm) 
lambdag = guide wave length (cm) 
fc = cut-off frequency (Hz) 
f = actuation frequency (Hz) 

To the TE10 mode, they are lambdao =1 2.2cm, lambdag =1 7.3cm, and [Equation 2] to 2.45GHz. 

ll == =4. 3cm=l. 7X25. 4mm 

4 

[0016] In the illustrated example, the discharge tube 22 has the nominal tubing diameter of 
25.4mm, the inside diameter of 23mm, and the outside diameter of 25mm. the inside — the 
compulsory airstream between a conductor 34 and tubing 22 is taking cooling into consideration. 
If space 44 becomes 1 mm in approximation, the greatest heat transfer may be attained, the 
inside (2mm thru/or 3mm) — the typical thickness of a conductor will offer sufficient opening 
electrostatic capacity, the inside — the inside diameter of a conductor 34 — therefore, it is 
27mm in net, and an outside diameter is 30mm in net. 

[001 7] The coaxial cavity is designed so that the mode of TE and TM may not be permitted and 
it may operate in the TEM mode, the actuation frequency of 2.45GHz — receiving — the inside 
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— the outside of the outside diameter of a conductor 34 — the ratio to the inside diameter of a 
conductor 36 is chosen as it is in the range of 1.4 thru/or 1.7. 

[0018] The die length 12 of a coaxial cavity It should be the one half of free space wave length in 
approximation. It is used, in order that the coaxial plunger 56 may change the die length of a 
coaxial cavity so that the short resonance die length of an opening cavity may be the order of 2 
double less or equal for 3 minutes of that of the whole coaxial cavity. The die length 12 of a 
coaxial cavity It is calculated as follows. 
[Equation 3] 

It sets here and is [Equation 4]. 

And it sets here and is Zo. It is the characteristic impedance (ohm) of a coaxial area. 

omega= include-angle actuation frequency (radian per second) 

Cg It is the electrostatic capacity (farad) of the opening 40 without a coil 38. 

b/a — an outside — the inside of the radius of the net of a conductor 36 — it is a ratio to the 

radius of the net of a conductor 34. 

12 = the resonance die length 28 of a short opening cavity (m). 

epsilonr It is the relative dielectric constant of the dielectric in the cavity which is air (epsilonr 
**1 ) typically. 

[0019] Opening electrostatic capacity (with no coil 38) may be calculated as follows. 
[Equation 5] 



here — setting — do = inside — the outside diameter of a conductor 34. 
di = inside — the inside diameter (m) of a conductor 34. 
The die length of the dg = opening 40 (m). 

[0020] the inside — with the adjustment possibility of a conductor 34, and no coil 38 — 
nevertheless, the die length of an opening 40 should be greatly enough to avoid an arc. The 
electric field over 1000W of the net of the microwave power spread within a waveguide 32 are as 
follows in approximation. 
[Equation 6] 

TE 



It sets here and is [Equation 7]. 

• 534Q 



377/^ 

And a1 And b1 Cross-section dimension of the rectangle waveguide 32 (in drawing 2 and drawing 
3 , it is right-angled in space at a1 =3.4x25.4mm, and is b1=1.7x25.4mm to WR340 waveguide). 
Therefore, E= 1 20 V/cm 

[0021] In order to avoid microwave dielectric breakdown in atmospheric pressure, the electric 
field in an opening 40 should be 1 kV/cm. This is connected with the 2mm minimum opening. 
Therefore, for the count purpose in this example, dg (the die length of an opening 40) may be 
selected as it is 3mm. It is Cg =0.4pF and Zo =30.6 (ohm) from this. Therefore, 12 The receiving 
solutions are 12 —27.9mm and 89.2mm. Because of optimization, it is 12. It should be selected 
between these two values. To this example, it is 12. It is taken as 80mm. 
[0022] The following dimension which should be determined in this example is 13. And it is 14 
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(each load arm). Guide wave length lambdag which both sides calculated previously It should be 
half order. Because of the convenience equipped with a plunger 50, it is 13. It is taken with 
8x25.4mm, and is 14. In the example of drawinig 2 , it is taken as 5x25.4mm. The plunger permits 
one degree of freedom to impedance matching. At the example of drawing 3 , it is 13. 14 The arm 
42 in which two sliding is equal and possible essentially permits two degrees of freedom to 
impedance matching. 

[0023] Above-mentioned count offers the dimension of the net to the given example, without 
including a coil 40. The design is corrected so that a coil may be added now. In the more 
desirable example, it was designed so that a coil 38 might fulfill some constraint. The inside 
diameter of a coil 38 is adjusted with the outside diameter of the discharge tube 22. The die 
length of a coil should be compatible with the opening 40. In addition, in 2.45GHz, the inductance 
should resonate with the electrostatic capacity of the short opening 40. Finally, the coil 38 
should have high Q for making into min joint effectiveness improved [ which were improved and 
was coil-heated ]. In the shown example, the electrostatic capacity of a short opening cavity 
may be approximated as follows. 

[0024] In order that an opening 40 may hold a coil 38, it is increased substantially. If it assumes 
that adjustment of the net of an opening 40 is 0.77cm, electrostatic capacity will be set to 
0.09pF in approximation. In the shown example, a coil 38 is characterized on a title as follows, 
several turns — a N=2 coil radius R=0.625cm wire radius =0.1 cm coil length =0.765cm 
inductance L=0.046microhenry frequency =2.45GHz wire die-length = copper coil — receiving — 
a 7.85cm skin depth = copper coil — receiving — a 1.32x10-4cm conductance sigma= copper 
coil — receiving — 5.9x105 mho / cm wire resistance =0.16 ohm Q=4.5x103 — here — setting - 
- [Equation 8] 

1 + 0. 9R 

It is here and is [Equation 9]. mu0=4pichi10-7 H/m; 
[Equation 10] 



[0025] The instantiation example shown by drawing 2 and drawing 3 mitigates the problem 
discovered with a standard short opening plasma generating machine. Resonance association 
raises the power processing capacity of a cavity. In resonance, a big current circulates between 
a coil 38 and the capacitor of an opening 40. The plasma is maintained by the surface wave 
discharged by the opening 40 in heavy doubling with the eddy current guided with a solenoid coil 
38. This dual covers the large range of an operating state, and improves the stability of the 
plasma. Although association by the surface wave is superior at low voltage, by the higher 
pressure, power association is based mainly on a coil 38. Existence of a solenoid coil 38 makes a 
power dissipation consistency increase. By adjusting the parameter of a coil, plasma column die 
length may be optimized to the given power level. Finally, during a start up, two turn coils 
function as a Tesia coil, and help plasma ignition. 

[0026] High power microwave supply is expensive compared with standard low power «600W) 
supply in microwave oven. In the example of drawing 3 , it is provided with two relative low power 
600W magnetron heads that it is convenient, and it generates the total power capacity of 1200W 
in it. Additional power capacity is further heightened by use of the coil 38 which increases the 
reinforcement of the electric field in an opening 40. It is combined with the short opening cavity 
28, and an additional arm 42 and an additional magnetron 20 can heighten effective power 
further. 

[0027] Although this invention and its profits have been stated to the detail, various change, 
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substitution, and modification do here, without deviating from the pneuma and the range of this 
invention which is specified by the attached claim. 

[0028] The following terms are further indicated about the above explanation. 

(1) They are the 1st waveguide and the coaxial waveguide which is combined with this 1st 
waveguide and specifies a cavity on an intersection with the 1st waveguide concerned. Including 
the inside cylinder arranged in an outside cylinder and this outside cylinder, space is specified 
between [ some ] a part of this inside cylinder and said outside cylinder, and it has the edge 
which approached the wall of said 1st waveguide and has been arranged. The coaxial waveguide 
with which space was specified between said edges and said walls, said — the inside — a 
cylinder — inside — arranging — having had — part I — a part — and — said — the inside — 

a cylinder — said — an edge — and — said — a wall — between — said — space — a passage 
— extending — part II — a part — having — the discharge tube — said — an edge — and — 
said — a wall — between — said — space — a passage — extending — said — the discharge 
tube — said — a part — a perimeter — arranging — having had — a coil — containing — the 
plasma — a generator . 

(2) The generator of the plasma including the area of the rectangle waveguide with which said 
1st waveguide contains the 1st and 2nd arms respectively arranged at a certain include angle to 
the area of said coaxial waveguide in the generator of the plasma given in the 1st term. 

(3) The generator of the plasma which contains further the electromagnetic power source which 
is the generator of the plasma given in the 2nd term, and was further combined with said 1st 
arm. 

(4) The generator of the plasma containing the 2nd electromagnetic power source which is the 
generator of the plasma given in the 3rd term, and was combined with said 2nd arm. 

[0029] (5) the generator of the plasma given in the 1st term — it is — said inside — a 
conductor and said outside — the generator of the plasma which contains further the plunger 
arranged in said space specified between conductors. 

(6) The generator of the plasma which contains further the plunger which is the generator of the 
plasma given [ said ] in the 2nd term, and has been arranged in the 2nd [ of the area of said 
rectangle waveguide / said ] arm. 

(7) Said 1st arm is the generator of the plasma with which it is inserted possible [ a slide at said 
1st edge ], and said 2nd arm was inserted possible [ a slide ] into the 2nd [ of said fixed area / 
said ] edge including the fixed area in which the area of said rectangle waveguide has the 1st and 
2nd edge and 1st and 2nd arms in the generator of the plasma given in the 1st term. 

(8) In the generator of the plasma given in the 1st term, said inside cylinder meets the shaft of 
said outside cylinder so that the die length of said edge of said inside cylinder and said opening 
between said walls can be adjusted, and it is the generator of the plasma which can be slid. 
[0030] (9) The generator of the plasma it was made to include two or more areas of the 
rectangle waveguide with which said 1st waveguide extends from said coaxial waveguide to radial 
in the generator of the plasma given in the 1 st term. 

(10) The area of the rectangle waveguide containing the 1st and 2nd arms, and the 
electromagnetic power source combined with one as which said arm was chosen, It is the area of 
the coaxial waveguide which is combined through the 1st wall of the area of said rectangle 
waveguide, and forms a cavity. The 1st cylinder and the 2nd cylinder arranged possible [ a slide 
into this 1st cylinder ] are included. Space is arranged between the corresponding points of said 
1st and 2nd cylinders, and forms said a part of cavity. The edge of said 2nd cylinder approaches 
the wall of the area of said rectangle waveguide, and is arranged acUustable, and adjustable space 
is specified among them. And the area of the coaxial waveguide containing the coaxial plunger 
arranged in said space between said corresponding points of said 1st and 2nd cylinders. The 
generator of the plasma containing the discharge tube which has a part for part II which extends 
through said space between said edge of a part for part I arranged in said 2nd cylinder, and said 
2nd cylinder, and said wall of said rectangle waveguide, and the coil wound around the 
surroundings of those for said part II of said discharge tube. 

[0031] (1 1) The generator of the plasma which space is specified in the generator of the plasma 
given in the 10th term between said some of discharge tubes and the corresponding point of said 
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2nd cylinder, and a port is arranged through said 2nd cylinder, and permitted the fluid free 
passage with said space. 

(12) The generator of the plasma with which said plunger contains a non-contacted plunger in 
the generator of the plasma given in the 10th term. 

(13) The generator of the plasma with which said electromagnetic power source contains a 
magnetron in the generator of the plasma given in the 10th term. 

(14) The generator of the plasma with which it sets to the generator of the plasma given in the 
1 0th term, and the plunger was arranged in one of everything [ the ] but said each arm. 

(15) The generator of the plasma with which it was made for said discharge tube to contain a 
quartz tube in the generator of the plasma given in the 1 0th term. 

(16) The generator of the plasma with which it was made for said discharge tube to contain 
sapphire tubing in the generator of the plasma given in the 10th term. 

[0032] (17) A processing room and the area of the rectangle waveguide containing the 1st and 
2nd arms. It is the area of the coaxial waveguide which through association is carried out in the 
1st wall of the magnetron combined with one as which said each arm was chosen, and the area 
of said rectangle waveguide, and forms a cavity. The 1st cylinder and the 2nd cylinder arranged 
possible [ a slide into this 1st cylinder ] are included. The area of the coaxial waveguide which 
said a part of cavity is formed, the edge of said 2nd cylinder approaches the 2nd wall of the area 
of said rectangle waveguide, and is arranged [ space is arranged between the corresponding 
points of said 1st and 2nd cylinders, ], and specifies space among them, It is the discharge tube 
which has a part for part II which extends through said edge of a part for part I arranged in said 
2nd cylinder, and said 2nd cylinder, and said space between said walls of said rectangle 
waveguide. The discharge tube which the 1st edge of this discharge tube is combined with the 
aforementioned room, and provides it with the plasma. The processing system it was made to 
include the plasma generator which is the coil wound around the surroundings of those for said 
part II of said discharge tube, and contains the coil with which an adjustable opening is specified 
between [ some ] said edge of said 2nd cylinder, and said coil, and the source of gas combined 
with the 2nd edge of said discharge tube. 

[0033] (18) The processing system it was made to contain further the coaxial plunger with which 
said plasma generating machine has been arranged in said space between the corresponding 
points of said 1st and 2nd cylinders in a processing system given in the 17th term. 

(19) The processing system it was made to contain the 2nd magnetron which is a processing 
system given in the 1 7th term, and was combined with one more of said each of the arm. 

(20) Form a microwave cavity on the intersection of the area of a rectangle waveguide, and the 
area of a coaxial waveguide. Arrange a conductor and a capacity-opening is formed with the wall 
of said rectangle waveguide, the inside of said cavity — the inside of said coaxial waveguide — 
So that winding and electric field may be created in said capacity-opening in a coil around [ a 
part of / said ] said discharge tube which some discharge tubes which convey preselected gas 
are made to extend through said capacity-opening, and extends through said capacity-opening 
How to generate the plasma it was made to contain each step by which the gas conveyed in said 
tubing which the electromagnetic wave was discharged in said cavity, and the current was guided 
in said coil, and approached said coil is ionized. 

(21) an approach given in the 20th term — it be — the inside of said coaxial waveguide — the 
approach it be made contain further the step which attain the resonance between ****** of said 
opening, and the inductance of said coil so that it will be alike if a conductor be move, and 
ionization of the gas in said tubing may be make more into min, the die length of said capacity- 
opening may be adjust and resonance may be establish between the electrostatic capacity of 
said opening, and the inductance of said coil. 

[0034] (22) Surfer TRON 12 is formed including the 1st waveguide 32 which is combined with the 
area of the coaxial waveguide 30 and specifies a cavity 28 on the intersection between them. 
The coaxial waveguide 30 contains the inside cylinder 34 arranged in the outside cylinder 36 and 
the outside cylinder 36. The inside cylinder 34 has the edge which approached the wall of the 1st 
area of a waveguide 32 and has been arranged. Space 40 is specified between the edge of the 
inside cylinder 34, and the wall of a waveguide 32. Between the edge of a part for part I arranged 
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in the inside cylinder 34, and the inside cylinder 34, and the wall of a waveguide 32, the discharge 
tube 22 has a part for part II which carries out through extension of the space 40, and is 
prepared. The coil 38 is arranged around [ a part of ] the discharge tube 22 which extends 
through space 40 between the edge of the inside cylinder 34, and the wall of a waveguide 32. 
[0035] Cautions (c) copyright, *M* Texas Instruments, Incorporated (Texas Instruments 
Incorporated), 1990. A part of indication of this patent document contains the subject matter 
which needs protection of copyrights. Although the objection does not have copyright and a 
mask work owner (mask work owner) in the facsimile playback by someone of patent documents 
or patent indications when becoming clear in the United States patent agency, a patent file, or 
record, they suspend all the rights in the copyright and mask work. 



[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view of the semi-conductor manufacturing system which used the 
plasma generating approach and equipment which carry out this invention. 

[Drawing 2] It is the sectional view of the plasma generator which carries out the principle of this 
invention. 

[Drawing 3] It is the sectional view of the 2nd example of the plasma generator which carries out 

the principle of this invention. 

[Description of Notations] 

1 2 Surfer TRON 

22 Discharge Tube 

28 Cavity 

32 Rectangle Waveguide 
30 Coaxial Waveguide 
34 Inside Cylinder 
36 Outside Cylinder 
38 Coil 
40 Space 
42a, 42b Arm 
50 Plunger. 



[Translation done.] 



* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 
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DRAWINGS 



[Drawing 1] 
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[Drawing 3] 
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[Translation done.] 
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